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(54) Liquid dispensing apparatus and method 

(57) A multiwell plate (30) for microarraylng com- 
prising a self-sealing lower membrane (14) and option- 
ally also a self -sealing upper membrane (20) containing 
a liquid (18) to be dispensed. Spotting is performed by 
pushing a pin {10, 10") down through the liquid and then 
on to pierce the sell-sealing tower membrane. A slide 
(1 S) having an upper spotting surface Is arranged under 
the weli plate, The liquid sample forced through the low- 
er membrane by the pin tip can thus be deposited di- 
rectly onto the spotting surface. The pin is then with- 



drawn upwards through the lower membrane, which au- 
tomatically reseals preventing further loss of liquid, The 
optional resealable upper membrane also prevents loss 
of sample liquid by evaporation and spillage. By contrast 
to the prior art, there is the major advantage that the pin 
head does not have to traverse between the well plate 
and slide to collect sample liquid, thus dramatically in- 
creasing operational speed for an automated microar- 
raying apparatus employing the multiwell plate. Excel- 
lent spot reproducibility is also observed. 
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Description 
BACKGROUND. ACT 



moOD The invention relates to an apparatus for and 
method of dispensing liquid. More especially, but net ex- 
dusivelv the hwention relates to dispensing liquid from 
we pfaSs widely used in the field of chemistry ^ 
Sinology formicroarraying and ^«pj^ona. 
moo2J Mteroanaying is a technique In w^read 
use Conventional mteroanaying is based on standard 
muwSXtes having a 4.5 mm grid and 3S4 wells. 
However! larger arrays** of ^36we^ar = ng 
more widely used, these larger arrays conform to a 2.25 
mm olid Liquid samples are stored in the wells of a we! 
SThe HquW may be assays or any other biological 
£LU <* interest To epotthe ^from a 
well, a pin is dipped In the well to retrieve an amount of 
rheiiquW-Tnepincarryingan amount of the sample Hq- 
S is then moved across to a spotting surface of aj 
cLope slideor other suitable surface A spot of liquid 
Z deposited on the slide by bringing tl« pm mtoclose 
proximity, or by physically contacting the Up of the pin. 
with the slide surface. 

WM Figure 1A of the accompanying drawings 
schematically a pin 110 conventionally usedfor 
soottinq The pin is in the form of a spirt pin, with I quid 
SSfl Sa'ctedto andcarried on the pin by cap.llary 
action The liquid is discharged from the pm onto the 
spotting surface by lowering or tapping the pm on the 
Sotting surface so that the liquid transfers from the pm 
tio onto the spotting surface. 
rooSS 1 Figure 1B of the accompanying drawings 
Sows schematically a modified split pin design, also 
used forVpotting in the prior art. Split pin 110 tncorpo- 
£ a £** 112 and has a blunt end so ft*** 
lTl extends beyond the pin tip. Liquid can be deposed 
ontoTspotting surface by pressing the blunt end of he 

Sn into very close proximity with the surface such that 
Sate Son causes a drop to be transferred from pm 

rarS^Tbese pin designs have In common that they 
relv on capillary action to gain a reservoir of sample l.q- 
Sd USSR many spot depositions. This avoids 
havlna to dip into the weB for each spot. 
SSoij Most microarray pins in the prior art f loat ver- 
Slty in a common head. They rest in the lowest posi- 
Sbygravrty or spring biasing. The head tends >to over 
SeTby ail amount and the pins will Ifrtinthe head 

bv the over travel. . , _ 

ro007t Regardless of the pin design, spotting is car- 
ied out with the following basic steps. Tne pin ,s moved 
oabove the well plate. The pin is dipped inawell of the 
well plate to retrieve some liquid. The pm carrymg the 
Md is moved over to above the spotting surface Jhe 
retrieved liquid is deposited from the pm onto the spot- 
surface, either wrth only one spot, or with several 



spots for a pin that carries a-reservoir of sample liquid. 
Spin is moved back to the well plate to retrieve more 
iiouid for further spotting. 

0O0B1 FiguresaAtoaColtheaccon^^draw^ 
5 ngs show the basic spotting process. In Figure 2A . a 
pin 110 from a pin head 120 is lowered 
example mechanically, to dip it Into a well 112 of a well 
pEl14 and thereby retrieve an amount ^.d sarn- 
pie. In Figure 2B. the liquid sample ,s deposited on o a 
to spoi surface. In Figure 2C. the pin is cleaned m a 

p e S 2A to Rg. 2B repeats) prior to commencing 
spotting with a different liquid sample. 
roOOSl Design effort has been concentrated on 

beween dipping in the wellplate and spot deposition on 
^ide te reduced. As mentioned further above, he 
Snsartateosometimesdeslgnedtouseceplilary^ 
Storing a charge of liquid in *e pin «M* for de- 
20 positing a number of spots. This also speeds, p the 
spotting procedure by reducing the number of times the 
head needs to be traversed between the well plate and 
the slide. 
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m010] According to a first aspect of the invention 
Krels provided a well plate with a self-sea ng lower 
r/mbrane. Spotting is performed by pusMngi pin 
30 down through the liquid and then on to pierce the self- 
sernglowermembrane.A S pottingsurtace«arranged 

undX well plate. The liquid sample forced through 
Slower membrane by thepint^canthus be deposited 
Erectly onto the spotting surface. The pm Is then with- 
35 drawnupwardsthroughthelowermembranewhfchau- 

tomatically reseats preventing further loss of liquid. 
IZ n By contrast to the prior art. the pin head does 
not have to traverse between the well piate and spottmg 
sSrfare to collect sample liquid, thus dramaticeHy in- 
40 basing operate! speed. Moreover, 

have proved that the spot size obtained by deposrtion 

in prtorart systems which rely on one drp of the pm Into 
Lwelltoput down many spots, ^r variants he 
43 spot size tend to occur as the pin becomes dry through 
evaporation and deposition. 
I0O121 The well platemayalsobe provided withasetf- 
L™linguppermembrane,thereby fully enclostngthe liq- 
uid in the well-The pin then PMtt««M*«» up- 
so oer membrane and then on through the liquid and the 
SeTrTmbrane. When the pin is withdrawn, the upper 
membrane self seals In the same manner as the lower 
memb^ne.C^nsequentVJossofsam P lefromtheweils 

^evaporation is prevented. Thisis especially usefulfor 
55 valuableortoxlcsamplesandhasthefurtheradvantBge 

efgreatiy reducing the risk of ^P' 60 ^^' 0 ":^ 
dtttonaiiy. the upper membrane wipes the shank of he 
pin as ft is withdrawn. This cleaning action cleans the 
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pin while at the same time reducing loss of sample liquid 
Moreover, the upper membrane ensures that accidental 
dropping of the well plate will not result in spillage, 
[001 3] Weil plates may be provided in a variety of siz- 
es and configurations. Standard 96 , 384 or 1536 ge- $ 
ometries may be provided. Specially sized well plates 
may also be developed to suit specific applications, or 
as a proprietary measure. 

[001 4] According to a second aspect of the invention, 
there is provided a head apparatus for operation with 10 
the multi-well plate of the first aspect of the Invention, 
The head apparatus comprises a pin head and a mount- 
ing frame adapted to hold a multiwetl plate beneath the 
pin head, A motor stage is operable to drive the pins of 
the pin head down through the multiwelf plate. The pins * * 
can thus be actuated through the wells and through the 
self-sealing membrane to deposit a sample directly onto 
a spotting surface held below the head apparatus. The 
pin headend a well plate held thereto can thus be moved 
around together by a robotic guidance system, instead 
of moving the head independently o! the well plate as in 
the prior art, 

[0015] The pins are preferably fixed in the body por- 
tion so that their tips lie in a common plane distal the 
body portion, SI idably mounted pins are not necessary, ss 
resulting in a considerable cost saving. 
[001 6J Alternatively the pins may be individual ly actu- 
atable and addressable, for example usi ng conventional 
pin array addressing mechanisms. 
[0017] Advantageously, the head may further com- 30 
prise an abutment arranged to stop the pin tips being 
advanced beyond a plane defined by the abutment The 
abutment is designed to contact the spotting surface si- 
multaneously with the pins for spotting. The abutment 
thus defines the maximum travel of the pins during spot ss 
deposition. The pins are preferably constrained so that 
they either stand off slightly from the spotting surface or 
only just contact It at their points of maximum travel. 

BRIEF DESCRIPTION OP THE DRAWINGS 4b 

[001 8] For a better understanding of the invention and 
to show how the same may be carried into effect refer- 
ence is now made by way of example to the accompa- 
nying drawings in which: « 

Figure 1 A is a schematic section or a split pin of the 
prior art; 

Figure 1 8 is a schematic section of another split pin 
of the prior art; &> 
Figure 2A shows sample collection by a pin from a 
well of a multi-well plate according to the prior art; 
Figure 2B shows sample deposition from a pin onto 
a microscope slide according to the prior art; 
Figure 2C shows pin washing according to the prior 5$ 
art; 

Figure 3 is a schematic section through a part of a 
muffl-weil plate according to an embodiment of the 



invention with two pins and a slide also being 
shown; 

Figure 4 is a schematic elevation of one example of 
a multi-well plate according to the embodiment of 
Figure 3; 

Figure 5 shows a multi-well plate with pin head 
above and spotting surface below, in an operational 
configuration; 

Figure 6 shows a multi-well plate with an alternative 
pin head above and microscope slide beiow T In an 
operational configuration; 

Figure 7 shows in elevation a pin head with spotting 
surface and multi-well plate; and 
Figure B is a schematic diagram of an automated 
spotting apparatus according to an embodiment of 
the invention, 

DETAILED DESCRIPTION 

[001 9] Figure 3 is a schematic drawing showing a sec- 
tion of part of a multi-wed plate 30 according to an em- 
bodiment of the invention. Two pins 10 and 1 0\ in two 
different operating positions, and a spotting surface 16 
are also shown. The multi-well plate 30 comprises a plu- 
rality of wells, two of which are shown in Figure 3. Each 
well is partially defined by a side wall 12 of generally 
frusto-conical shape defined in a main body of the well 
plate. The shape of the sidewall is not critical. The main 
body is made of conventional material. The main body 
has an underside to which is secured a lowermembrane 
14, and an upper side to which is secured an upper 
membrane 20. The lower membrane 14 defines a base 
to the wells. The upper membrane 20-defines a lid to 
the wells. The meniscus of a quantity of sample is shown 
with reference numeral 1 8; in a concrete example, the 
meniscus position shown may represent about 5 micro- 
litres of sample liquid in each well, each well having a 
total volume of about 30 mfcrolrtres. As well as sealing 
the well against spillage, the upper membrane 20 has 
the function of preventing sample loss through evapo- 
ration, which is important for precious, volatile or haz- 
ardous samples. The upper and lower membranes are 
made of seif-sealing material, in other words material 
that automatically reseals after piercing with a pin or 
needle. The material used was obtained from USA/Sci- 
entific Plastics (Europe) limited, This material has an 
adhesive backing, the adhesive being inert medical 
grade. Materials such as rubber, silicone or PTFE may 
also be suitable for the membranes, Other flexible, re* 
sliient materials may also be suitable. 
[0020] in operation, to dispense an amount of sample, 
a pin is driven down from the position shown by pin 10*. 
The pin travels down through the upper membrane 20, 
then through the sample liquid and on through the lower 
membrane 14 until In dose proximity with an upper sur- 
face of the spotting surface 16. This position is shown 
by pin 10 in Figure 3, The liquid sample collected on the 
tip during its passage through the well is then deposited 
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onto the spotting surface. 

[00211 Experiments have shown that the quantity of 
sample carried through me membrane is highly consist- 
ent, providing spots of BO micrometer diameter on a . 
glass spotting surface, with very tow variance. Spot size 
can be varied by using pins with varying tip diameters. 
In the experiments, the tips were not pressed against 
the spotting surface, but rather brought into a nominally 
zero stand-off or offset with the spotting surface using 
an abutment arrangement described further below. Liq- 
uid deposition is thus driven by surface tension and fluid 
flow effects, or by throwing the liquid off the tip by de- 
celeration. In the experiments, the pins were traditional 
surgfcalneedies made of 31 6 grade stainless steel mod- 
ified by flattening the needle tips to a diameter ot 50 mi- 
crometers, in the experiments, the lower membrane re- 
sealed, apparently perfectly, with no compromise to the 
sealing properties over a test with 1 000 piercing actions 
In a single piercing position. No loss of sample (other 
than through me spot deposition) or damage to the 
membrane was detectable. 

[0022] Other needle tip shapes and dimensions may 
be used to provide dosage control of the amount of de- 
posited liquid. For example, fluted needle tips may be 
used. 

[0023] F\gur& 4 shows an elevation of a whole multi- 
well plate 30, a comer of the upper membrane 20 being 
peeled away for ease of viewing. The lower membrane 
1 4 is also visible. The well plate conforms to the industry 
standard dimensions for a 3B4 well plate. Accordingly, 
the wells are arranged in a 4.5 mm square grid and the 
well plate Is generally rectangular with outer dimensions 
of 1 24-5 mm by 82 mm to accommodate an array of 1 6 
by 24 wells. t 
[0024] Although the membranes are shown as stngle 
sheets adhesively bonded to the well plate main body, 
it will be understood that the upper or lower membranes 
may be segmented. For example, Individual membrane 
sections could be provided for each well or for groups 
of wells, Further, the membranes could be mechanically 
damped onto the surfaces of the welt plate main body 
for example by a plate perforated with a grid of holes. 
Moreover, it will be understood that the upper menv 
brane is optional. The upper membrane could be dis- 
pensed with altogether. Alternatively, the upper mem- 
brane could be fitted initially, after filling the well plate 
with sample liquid, to prevent evaporation and spillage 
during transport and storage, The upper membrane 
could then be removed immediately prior to rnicroarray- 
ing. « will thus be understood that the upper membrane 
need not be a self-sealing membrane in all cases. 
[0025] Figure S shows another elevation view. The 
mum-well plate of Figure 4 is shown again, together with 
a head 32 arranged thereabove and a non-standard 
slide 16 thereunder. The head 32 has 3B4pins (actually 
needles as described above) arranged in conformity 
with the well array of the multi-well plate, i.e. in a 16 by 
24 array having a 4.5 mm grid. 



[0026] Contrary to conventional designs, the pins 1 0 
are fixed in a body part 31 of the head in order to allow 
them to be pushed through one or more membranes, as 
Is required with the multiwell plates described herein. 
5 Fixing the pins Is a great advantage since it would be 
very costly to build a head with 334 gravity located pins 
for a conventional multiwell plate. The small mass of the 
pins makes them sensitive to variations in the fit of the 
pins In their guide holes/ As the number of pins is in- 
fo creased, it becomes Increasingly difficult to avoid some 
pins failing freely and other pins sticking in their holes. 
Adding pin biasing springs has been proposed to over- 
come this problem, but this Is not ideal since it increases 
impact forces on the pin tips, thereby Increasing pin 
is damage and wear rates. In any case, the biasing would 
have to be heavy if the pins were to be able to penetrate 
one or membranes. 

[0027] Figure 6 is comparable to Figure 5, but shows 
a smaller 43-pin head (reference numeral 32) with the 
20 pins arranged in a 4 by 12 array, again in a 4.5 mm 
square grid. Arranged under the 334 well plate 30 there 
is an industry standard microscope slide 16. 
[0028] Figure 7 is an illustration of a pin head 32 with 
ancillary mounting frame 33 and motor stage 37, The 
2$ head 32 comprises a body portion 31 and an array of 
pins 10 extending down. The mounting frame 33 has a 
lower lip 39 for receiving and holding a multiwell plate 
30 from an autofeed system (described further below). 
Any suitable guide, slot or retaining means could be 
so used. The head 32 Is held in the mounting frame 33 by 
the motor stage 37 which comprises a linear motor that 
is drtvabteto move the head up and down in the z-axis 
as illustrated. The body portion 31 of the head 32 has 
four pillars 44 serving collectively as an abutment. The 
35 pillars 44 are secured to the body portion 31 and extend 
down to terminate in a plane arranged approximately at 
or slightly below the common plane of the tips. The abut- 
ment extensions 44 from the head body portion 31 stop 
the pins at a fixed position just above or at the upper 
40 surface of the slide 1 6 so that liquid can pass from the 
pins to the spotting surface by fluid flow. 
[0029] In use, the z-axis linear motor drives the body 
31 down within the mounting frame 33 so that the pins 
10 fixed In the body 31 pass through the wells of wetl 
45 plate 30 until the abutment 44 touches the spotting sur- 
face 1 6 whereupon the liquid is transferred, 
[0030] Figure 3 shows an automated microarraylng 
apparatus according to an embodiment of the invention. 
A pin head 32 is held by a robotic xyz guidance system 
bo 40. An autofeed stacking system 35 is operable to load 
well plates 30 into the head 32 from a stack 34 of well 
plates. The autofeed stacking system 35 is also opera- 
ble to restack well plates after use in another stack 3$. 
The stack and restack processes may automatically re- 
ss move and replace lids from the well plates, as is known 
from the prior art. Lids may be provided instead of or in 
addition to an upper membrane . A number of non-stand- 
ard slides 16 are also shown. The slides are non-stand- 
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,ard in that they are over-dimensioned by the provision 
of a margin region extending beyond the dimensions of 
a conventional slide. The xyz guidance system 40 is op- 
erable to position the head and welt plate above any of 
the slides 16 for spotting. A wash station 42 is also 
shown which is provided for cleaning the head 32 after 
unloading a well plate into the restack stack 35. 
[0031} It will be appreciated that although particular 
embodiments of the invention have been described, 
many modifications/additions and/or substitutions may 
be made within the spirit and scope of the present in- 
vention. 
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A well plate according to claim 5, wherein the lower 
membrane is formed of a single sheet of material 

A well plate according to claim 5, wherein the lower 
membrane is formed of multiple sheets. 

A well plate according to claim 7, wherein there is 
one sheet for each of the wells. 

A well plate according to any one of claims 5 to 8 t 
furthercomprising an upper membrane (20) extend- 
ing over the upper surface to form a top for the wells. 



Claims 

1 . A method of dispensing liquid, comprising: 

(a) providing a reservoir of \\qu\6 (18) bounded 
at least partially by a setf -sealing membrane 
(14); 

(b) perforating the self -sealing membrane to re- 
lease an amount of the liquid through the mem* 
brane; 

(c) allowing the self-sealing membrane to re- 
seal; and 

(d) again perforating the self-seating mem- 
brane to release a further amount of the liquid 
through the membrane. 

2. A method according to claim 1, wherein the self- 
sealing membrane is perforated by piercing with an 
elongate member (10) and is allowed to re-seal by 
withdrawing the elongate member from the self- 
sealing membrane. 

3* A method according to claim 2, wherein perforation 
occurs by moving a tip of the elongate member 
through the liquid of the reservoir into contact with 
and then through the self-sealing membrane, the 
elongate member then being withdrawn from the 
liquid, 

4, A method according to claim 1, wherein a further 
self-seating membrane (20) is provided above the 
reservoir to Inhibit loss of material from the liquid by 
evaporation during dispensing. 

5. A well plate (30) comprising: 

an upper surface; 
a lower surface; 

an array of welis extending between the upper 
surface and the lower surface; 
a lower membrane (14) extending over the low- 
er surface to form a self-sealing, liquid-tight 
base for the wells. 



1 0. A weli plate according to claim 9, wherein the upper 
15 membrane is made of self-sealing material. 

11 . A well plate according to any one of claims 5 to 1 0, 
further comprising a removable cover extending 
over the upper surface to form a top for the well 

so plate. 

12* A well plate according to any one of claims 5 to 1 1 , 
wherein the array of wells conforms to a square grid 
having, a grid spacing of one of: 2.25 and 4.5 mllli- 
2* metres. 

13. A well plate according to any one of claims 5 to 1 2, 
wherein the array of wells has one of: 384 and 1536 
wefls. 

30 

1 4. A head (32) for microarraying using mu Jtrweii plates, 
comprising; 

a body portion (31 ); and 
95 an array of pins (1 0) fixed in the body portion 

so that their tips lie in a common plane distal 
the body portion. 

15. A head according to claim 14, further comprising: 
40 an abutment extension (44) extending down 

from the body portion to terminate in a further plane 
arranged approximately at or below the common 
plane of the tips, 

45 16. A head apparatus for mtcroarraylng using multiwell 
plates, comprising: 

a pin head (32) having an array of pins (1 0); 
a mounting frame (33) adapted to hold a mutti- 
90 well plate beneath the pin head; 

a motor stage (37) operable to drive the array 
of pins down through the multiwell plate. 

17. A head apparatus according to claim 16, wherein 
ss the pin head further comprises: 

a body portion (31) to which the pins (1 0) are 
fixed so that their tips lie in a common plane distal 
the body portion. 
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1$, A head apparatus according to claim 16 or 17, 
wherein the pin head further comprises: 

an abutment extension (44) extending down 
from the body portion to terminate in a further plane 
arranged approximately at or below the common * 
plane of the tips. 

19. A head apparatus according to claim 16, wherein 
the pins are individually drivable, 

20. An automated rnicroarraying apparatus for auto- 
mated handling of muitiwell plates, compnsmg: 

a pin head (32) having an array of pins (1 0); 
a mounting frame (33) adapted to hold a multh 
well piate beneath the pin head; 
a motor stage (37) operable to drive the array 
of pins down through the muitiwell plate; and 
a robotic guidance system (40) operabJetoJoad 
and unload muitiwell plates into the mounting » 
frame. 
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(54) Liquid dispensing apparatus and method 

(57) A multiwel} plate (30) for microarraying com- 
prising a self-sealing lower membrane (1 4) and option- 
ally also a self-seating upper membrane (20) containing 
a liquid (1 B) to be dispensed. Spotting is performed by 
pushing a pin (1 0 t 1 0') down through the liquid and then 
on to pierce the self-sealing lower membrane, A slide 
(16) having an upper spotting surface Is arranged under 
the well plate. The liquid sample forced through the low- 
er membrane by the pin tip can thus be deposited di- 
rectly onto the spotting surface. The pin is then with- 
drawn upwards through the lower membrane, which au- 
tomatically reseats preventing further Idss of liquid. The 
optional reseaiable upper membrane also prevents loss 
of sample liquid by evaporation and splHage, By contrast 
to the prior art, there is the major advantage that the pin 
head does not have to traverse between the well plate 
and slide to collect sample liquid, thus dramatically in- 
creasing operational speed for an automated microar- 
raying apparatus employing the muittwell plate. Excel- 
lent spot reproducibility Is also observed. 
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